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While many epithelial cells have specialized apicalPhotoreceptor Cells
domains to serve a multitude of physiological functions,in Flies and Mammals: perhaps neuroepithelial photoreceptor cells have the
most elaborate apical specialization. To maximize sensi-Crumby Homology?
tivity, photoreceptor cells massively elaborate a subdo-
main of their apical membrane to contain huge quantities
of light-sensitive opsin (up to 10% of cell protein). Mam-Recently, two papers have revealed a new function for
malian and fruit fly photoreceptor cells do this in twothe fruit fly epithelial apical membrane protein Crumbs
different ways (see Figure), and these morphologicaland its mammalian homolog CRB1 in photoreceptor
(and other) differences have suggested that the twocell morphogenesis. This supports the previous obser-
types of photoreceptor cells are not homologous (Fer-vation that disruption of CRB1 function can cause reti-
nald, 2000). Fly photoreceptors carry their opsin in annal degeneration in humans.
array of microvillar extensions of the cell membrane,
apical to the ZA. These microvillae stack densely alongIn order to develop organ systems with specialized com-
one side of the cell to form a structure called the rhab-partments, animals have evolved polarized epithelia
domere. The rhabdomeric microvillae have their origin(Yeaman et al., 1999). The membrane of a zygotic cell
in apical tufts in the earlier retinal epithelium. Duringis relatively uniform; there seems to be no distinct do-
pupal life, this apical domain turns inward toward themains of either lipid or protein content. After the initial
center of the cluster of photoreceptor cells and is greatlycleavage divisions, a primary blastoderm epithelial
elongated. Mammals have two types of photoreceptors:sheet of cells is generated, and these cells are polarized
cones and rods. Both have distinct inner and outer seg-in the apical-basal dimension. The apical domain is per-
ments and the latter carry the opsin-rich membraneshaps specialized for signal transduction by the specific
called discs. The outer segments are supported by ainsertion of receptor proteins, and the basal side may
ciliary basal body. In the cone cells, the disc membranecontain proteins which function in adhesion to a substra-
remains contiguous with the cell membrane, apical totum. In order to achieve this regionalization, epithelial
the ZA. In the rod cells, the discs become pinched offcells construct a series of junctional complexes that
and internalized. There is continuous flow in the outerconnect them firmly to their lateral neighbors and which
segments such that new discs are added basally and theregulate the movement of lipids and proteins between
most apical discs are shed. This flow and concomitantspecific membrane domains. The zonula adherens (ZA)
renewal of opsin is essential for retinal function.is a complex of proteins that circumscribes the apical
Two recent papers in Nature show that Crumbs hasregion of epithelial cell-cell contacts and couples this
a special role in photoreceptor cells (Izaddoost et al.,band of adhesion to the actin cytoskeleton. This adhe-
2002; Pellikka et al., 2002). Initially, as in other epithelia,sive interface is in turn integrated with mechanochemi-
Crumbs protein is localized close to the ZA, which con-cal signaling pathways that allow for regulated changes
tains -catenin/Armadillo. As opsin expression beginsin cell shape which produce much of embryonic mor-
and the rhabdomere develops during pupal life, Crumbs
phogenesis. The key component of the ZA junction is
protein moves away from the ZA in an apical direction
E-cadherin, a calcium-dependent cell-cell adhesion
so that in the adult photoreceptor cell it is localized to a
molecule that is linked to the actin cytoskeleton via
membrane domain between the ZA and the rhabdomeric
cytoplasmic interactions with -catenin, which in turn microvillae. This specialized domain has been called the
binds to -catenin and other actin-associating proteins “stalk” and is essential to support the rhabdomere and
(Nagafuchi, 2001). also probably for the physiology of the interrhabdomeral
Recent evidence indicates that the localized assembly space (IRS). When Crumbs is removed from some part
of the adherens junction in polarized epithelial cells is of the fly retina by means of mosaic clones, the rhab-
a highly regulated process involving the apical trans- domeres become shortened and more compact. The
membrane protein Crumbs along with its cytoplasmic quantity of rhabdomeric membrane appears to be the
binding partners discs lost (Dlt) and stardust (Sdt). Dlt same but the whole structure collapses (see Figure).
and Sdt were both identified as Crumbs binding proteins Thus Crumbs is essential for a mechanical function of
that interact with a carboxy-terminal PDZ binding motif the stalk membrane in shaping the rhabdomere. Struc-
on the cytoplasmic tail of Crumbs, perhaps in a competi- ture/function studies in the two papers show that the
tive manner or as part of a multiprotein scaffold. In addi- membrane-anchored Crumbs extracellular domain reg-
tion to the Dlt/Sdt binding domain, the amino-terminal ulates the mechanical properties and extent of the stalk:
juxtamembrane domain of Crumbs comprises a con- less Crumbs results in less stalk membrane, and more
served motif related to the band 4.1 family (FERM) bind- Crumbs (or at least membrane-anchored extracellular
ing site on glycophorin C. The Crumbs extracellular do- domain) produces more stalk! The intracellular domains
main contains 30 EGF-like and four LG domains of Crumbs have other functions, such as in the proper
(homologs of the G domain of the laminin A chain). Inter- formation of the ZA as the apical membrane expands
estingly, some data suggest that the Crumbs extracellu- during retinal development. Thus, these papers reveal
lar domain may engage in homophilic interactions, like a novel function for Crumbs in the subspecialization of
E-cadherin, or at least in some type of self-recognition a cell’s apical membrane (in this case, into stalk and
complex. There are three known vertebrate homologs rhabdomere).
of Crumbs (CRB1, -2, and -3), and the human genome Both papers also build on the published observation
sequence has revealed putative homologs of Dlt and that the human Crumbs homolog CRB1 is encoded by
the RP12 gene, which is mutated in the diseases retinitisSdt as well (see Figure; Tepass et al., 2001).
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(A) Comparison of the membrane topologies of fly and mammalian photoreceptor cells. Drosophila opsin (purple) is in the rhabdomere, a
subregion of the apical membrane made up of many microvillae. The rhabdomere is supported and delimited by the stalk (red), where
Crumbs protein is localized. The stalk is adjacent and apical to the zonula adherens (green), which contains Armadillo. The mammalian cone
photoreceptor is most similar to the fly rhabdomeric photoreceptor with the opsin (purple) in the apical discs, in the “outer segment” (OS) of
the cell. As in the fly, this photosensitive membrane is apical to the ZA (green) and is separated by a membrane domain containing a Crumbs
homolog (CRB1; red) in the OS and the “inner segment” (IS). Unlike the fly’s rhabdomere, the mammalian cone outer segment is supported
by a ciliary body (CB). In the rod photoreceptor, the discs are pinched off to become internalized in the rod outer segment. Thus there is no
adjacent CRB1-bearing membrane other than just apical to the ZA. Blue arrows indicate cross sections.
(B) Three functional regions of the photoreceptor apical membrane domain compared in Drosophila (left) and mammals (right). Opsin (purple)
is in the most apical compartment (fly rhabdomere and mammalian disc membrane). The opsin-bearing membrane compartment is delimited
by a specialized subcompartment (fly “stalk” and mammalian marginal zone; MZ) which requires Crumbs/CRB1 and associated proteins
(shades of red). Crumbs may act through homophilic binding outside the cell (indicated as “?”). The stalk/MZ lies apical to the zonula adherens
(ZA) in which transmembrane cadherin (CD) homodimers link cells and connect to the intracellular actin cytoskeleton via Armadillo and other
proteins (shades of green). The outside of the cell is topologically equivalent to the disc lumen in rod photoreceptors and is called the
“interrhabdomeral space” (IRS) in flies.
pigmentosa (RP) and a more severe form called Leber As photoreceptor outer segment cycling is essential for
the maintenance of normal vision, we may now also findCongenital Amaurosis (LCA; den Hollander et al., 1999).
RP12 loss of function in these diseases causes degener- that more retinal degeneration disease genes encode pro-
teins which interact with Crumbs/CRB1.ative defects in the photoreceptor outer segments which
resemble defects in crumbs loss-of-function mutants in
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